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Abstract
A 27-year-old male patient was diagnosed as severe obstructive sleep apnea (OSA), having problems of
skeletal Class II jaw related with mandibular retrognathism, orthodivergent facial pattern, dental Class II
malocclusion, and occlusal plane canting. By intervention of miniscrew assisted rapid palatal expansion
(MARPE) and maxillomandibular advancement (MMA), the clinical result presented significant
improvement in functional and esthetic aspects after 18 months of treatment.
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CASE REPORT

Severe Obstructive Sleep Apnea with Skeletal Class II
Malocclusion Treated with MARPE and
Maxillomandibular Advancement Surgery
Chao-Yu Lu a, Yu-Feng Chen b, Yu-Chuan Tseng a,c, Shih-Hsuan Lin a,*
a

Department of Orthodontics, Kaohsiung Medical University Hospital, Kaohsiung, Taiwan
Department of Oral and Maxillofacial Surgery, Kaohsiung Medical University Hospital, Kaohsiung, Taiwan
c
School of Dentistry, College of Dental Medicine, Kaohsiung Medical University, Kaohsiung, Taiwan
b

ABSTRACT
A 27-year-old male patient was diagnosed as severe obstructive sleep apnea (OSA), having problems of skeletal Class
II jaw related with mandibular retrognathism, orthodivergent facial pattern, dental Class II malocclusion, and occlusal
plane canting. By intervention of miniscrew assisted rapid palatal expansion (MARPE) and maxillomandibular
advancement (MMA), the clinical result presented signiﬁcant improvement in functional and esthetic aspects after 18
months of treatment. Taiwanese Journal of Orthodontics 2022;34(2):99e109
Keywords: Class II malocclusion; Obstructive sleep apnea (OSA); Miniscrew assisted rapid palatal expansion (MARPE);
Maxillomandibular advancement (MMA)

INTRODUCTION

O

bstructive sleep apnea (OSA) is no longer
just a medical term that people are unfamiliar with; on the contrary, it has increasingly
gained attention by its distinctive symptoms and
signs such as snoring, gasping respiration, choking,
and witnessed pause-in-breathing (apnea) during
sleep by the patient's bedmate. The prevalence of
OSA varies in the literature, with an approximate
range of 5e20% in adults.1 The prevalence of witnessed apnea during sleep was 2.6% in individual
aged over 15 years in Taiwan.2
Risk factors such as obesity, menopause, male
gender and increased age are found to be highly
correlated to the incidence of OSA. One study has
proposed a higher incidence in Asian populations
than Caucasians due to a narrow cranial base and
ﬂat mid-face structure.3 However, the correlations
between OSA and other craniofacial morphologies
such as retrognathia, long faces, narrow and deep

palate, steep mandibular plane angle and lower
position of hyoid bone were not yet fully clariﬁed.4
Polysomnography (PSG) is the gold standard for
diagnosis of OSA. It is a non-invasive technique
involving overnight monitoring of several physiological variables including electroencephalography
(EEG), eye movements (EOG), heart rhythm (ECG)
and skeletal muscle activity (EMG) as well as respiratory effort, airﬂow and oxygen saturation. Both
apnea and hypopnea are respiratory events that can
be quantiﬁed by overnight PSG study. To grade the
severity of OSA, the number of apnea plus hypopnea events per hour is reported as the apneahypopnea index (AHI). An AHI of less than 5 is
considered normal, while an AHI of 5e15 is mild;
15e30 is moderate; and more than 30 events per
hour indicate severe sleep apnea.5 Different treatment protocols or interventions can be applied according to the severity of AHI.
Continuous positive airway pressure (CPAP) has
been proven to improve OSA as the ﬁrst-line medical
approach of treatment intervention in adults. How
ever, intolerance toward CPAP-wearing devices
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Clinical examination

during one's sleep time can be an issue, and about
46e83% of OSA patients could not adhere to this
treatment.6 Oral appliances such as a mandibular
advancement device (MAD) can be considered, but
intolerance to this device is also a challenge. In
additiony, long-term wearing of oral appliances
might cause unwanted occlusal changes. If the patient is unable to tolerate CPAP or MAD, surgical
interventions provide another treatment option.
Maxillomandibular advancement (MMA) is the
most effective surgical intervention aside from tracheostomy. Furthermore, in patients with severe
OSA and sagittal skeletal discrepancy, MMA improves both functional and esthetic aspects. The
advancement of both jaws also decreases the airway
collapsibility. Meanwhile, counterclockwise rotation
of both jaws during MMA provides maximal increase the tension of airway muscles, while anterior
movement of the hyoid bone can increase passage
volume to the airway.7,8
This clinical report presents a case of skeletal
Class II with mandibular retrognathism receiving
orthodontic treatment combined with MMA surgery
to achieve normal overbite, overjet, satisfactory
facial proﬁle, and improve the sleep quality.

Pretreatment extraoral photographs showed that
the patient had retrusive chin with mild facial
asymmetry. At rest position, his lips were competent
with slight mentalis muscle strain. While at full
smile, an average smile line was found, with
asymmetric gingival display from the frontal view.
The extent of gingival display over the right side
was much more than the contralateral side, thus
canting of maxilla was revealed. Intraorally, he had
an Class II canine and molar relationship on the left
side and Class I canine and molar relationship on
the right side. The overjet and overbite were 7.0 and
1.5 mm respectively. The lower incisors were not in
contact with the upper incisors (incomplete overbite). Large amalgam restorations over teeth 15, 16
and 36 were found. The maxillary and mandibular
dental midline showed a 1 mm and 2 mm deviation
both towards his right face respectively. He had
both narrow V-shaped maxillary and mandibular
arch form (Figure 1).
The lateral cephalometric analysis showed a
Class II jaw relation with the ANB angle of 7.4 .
According to the McNamara's analysis, his maxilla
and mandible were both retrusive, the A to Nv was
3.8 mm and B to Nv was 23.2 mm. In the vertical aspect, the SN-MP was 37.4 with an orthodivergent facial pattern. Both upper and lower lips
were protrusive with respect to the esthetic E-line
(Table 1). The posteroanterior cephalometric
analysis indicated that the chin button was deviated towards his left side by 2 mm, and slight
maxillary canting was noted. The panoramic ﬁlm
showed a missing upper right third molar while
the remaining 3 third molars were all impacted.
Previously endodontic treated teeth 15, 16 were
found. The overall periodontal condition was fair
(Figure 1).
Maxillary transverse deﬁciency was diagnosed
according to Rocky Mountain's analysis. From
posteroanterior cephalometric ﬁlm, the distance of
bilateral point J represents the width of maxilla, and
the distance of bilateral antegonial notch represents
the width of mandible. The discrepancy between
maxilla and mandible of the patient exceeded the
norm by 4 mm. The canting of occlusal plane was
diagnosed according to Ricketts' analysis. From
posteroanterior cephalometric ﬁlm, the difference in
height between bilateral mesiobuccal cusp tip of
upper ﬁst molar to medial margin of the zygomaticofrontal suture was 3 mm, which exceeded the
norm by 1 mm.

CASE REPORT
A 27-year-old male visited the Department of Orthodontics at Kaohsiung Medical University Hospital
complaining of snoring at night and sleep deprivation. He also mentioned that the appearance of
mandibular retrognathism make himself look
somewhat abhorrent or unattractive. For his past
medical history, no systemic disease nor drug allergy
was mentioned. The patient had received bilateral
septomeatoplasty because of nasal obstruction and
nasal septum deviation about one year before
visiting our dental department. After measurement,
his body mass index (BMI) was 28.4 kg/㎡. From the
sleep report of previously arranged examination, the
PSG showed that his AHI was 63.7 events/hour, and
the minimal oxygen saturation rate (SpO2) was only
79%. According to the counts of AHI and clinical
symptoms and signs, severe obstructive sleep apnea
was diagnosed. The patient received further examination of drug-induced sleep endoscopy (DISE),
which indicated collapse of lateral pharyngeal wall
during sleep. The CPAP was offered as treatment of
choice after consultation with the sleep surgeon.
However, this approach was unsuccessful due to
uncomfortable seating and skin irritation while
wearing the CPAP.
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Figure 1. Initial photos and radiographs. A, The pretreatment extraoral and intraoral photographs indicating crowding over lower anterior teeth, and
chin deﬁciency from lateral proﬁle. B, The lateral cephalometric ﬁlm revealed skeletal Class II jaw relation and mandibular retrognathism.

2. Dental:
- Angle's Class II malocclusion, subdivision left.
- Excessive overjet and incomplete overbite.
- Protrusion of upper incisors, proclination
and protrusion of lower incisors.
- Impaction tooth 28, 38, 48,
3. Soft tissue:
- Convex facial proﬁle.
- Protrusive upper and lower lips.

Diagnosis
1. Skeletal:
- Class II jaw relation, both maxilla and
mandible were deﬁcient in sagittal aspect.
- Facial asymmetry with chin button shifts to
his left side.
- Maxillary transverse deﬁciency and occlusal
plane canting.
101
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Table 1. The cephalometric analysis of pre-treatment and posttreatment.
Skeletal analysis
SNA
SNB
ANB
NAPog
A-Nv mm
B-Nv mm
Pog-Nv mm
SN-MP
PP-MP
Dental analysis
U1 to NA mm
U1 to SN
L1 to NB mm
L1 to MP
Facial analysis
U lip to E-line
L lip to E-line

Norm

Initial

Finish

80.3e87.7
77.4e84.4
1.1e5.3
1.4e8.8
3.5e3.5
11.2 ~ 2.2
12.6 ~ 2.4
24.0e34.4
13.6e22.4

80.4
73.0
7.4
15.2
3.8
23.2
24.6
37.4
26.6

85.2
81.7
3.5
7.5
2.2
4.0
3.0
31.2
20.1

2.0e6.8
103.3e114.5
4.8e8.2
91.4e105.2

5.6
110.8
11.5
105.8

6.3
116.1
8.0
108.4

1.0e1.6
1.2e2.4

5.4
7.2

1.5
0.2

The amount of movements in surgical simulation
are documented in Figure 2.
4. Postsurgical orthodontic treatment:
- Align the teeth and achieve a proper overbite
and overjet.
- Finishing and detailing for a stable occlusion.
- Keep monitoring the sleep condition.
Treatment progress
The presurgical orthodontic treatment was
commenced with correction of maxillary transverse
discrepancy by MARPE. After placing a custom
fabricated maxillary expander to ﬁt the patient's
narrow palate, four mini-screws (two 2  14 mm in
the front and two 2  12 mm in the back) were
inserted along the mid-palatal suture and into the
maxilla in the dental chairside under local
anesthesia.
After 3 months of expansion (Figure 3), full mouth
0.02200 OPA-K ﬁxed edgewise appliances were
bonded, and 0.16” NiTi wire was used for initial
leveling and alignment. Two months later, a miniscrew (2  10 mm) was inserted over the lower right
buccal shelf area under local anesthesia for
uprighting the lower right posterior segment and
creating space for the block-in tooth 42.
After 9 months of treatment, we changed the main
wire to 0.017  0.025” stainless steel wire in both
upper and lower arches. Presurgical orthodontics
was completed and the records were obtained for
surgical preparation (Figure 4). Two weeks after the
surgery, we resumed postsurgical orthodontic
treatment, and prescription of vertical elastic was
applied for bite-settling (Figure 5).
A second PSG examination was arranged 6
months after MMA in order to compare the difference between presurgical and postsurgical data. In
18 months of treatment, the entire treatment course
was completed, reaching a stable occlusion and
acceptable dental alignment. Lingual ﬁxed retainer
was bonded in both upper and lower anterior regions, and an upper wraparound retainer was
delivered for retention.

- Excessive gingival display over upper right
anterior region.
4. Function:
- Severe OSA.
Treatment plan
1. General dental care:
Fabrication of temporary crown of teeth 15, 16, 36,
and instruction for oral hygiene reinforcement.
2. Presurgical orthodontic treatment:
Application of four screws over palate for mini
screw assisted rapid palatal expansion (MARPE) in
order to increase the volume of the nasopharynx
and correct maxillary transverse discrepancy, level
and align the patient's dentition, relieve crowding
and coordinate upper and lower arches.
3. MMA surgery:
After surgical simulation, we planned to diminish
gummy smile and occlusal plane canting through
LeFort I osteotomy with differential maxilla superior
repositioning, advancement of the maxilla by
4.5 mm with counterclockwise rotation. The
mandible was advanced with bilateral sagittal split
osteotomy (BSSO) along the occlusal plane of
maxillary arch through maxillomandibular counterclockwise rotation. Genioplasty was performed to
correct the chin deﬁciency. Ultimately the increase
in the volume of the upper airway could improve
the condition of OSA.

Treatment result
In 1.5 years, the facial proﬁle of the patient presented signiﬁcant improvement, especially in
correction of mandibular retrognathism (Figure 6).
From the superimposition of pre-treatment and
post-treatment lateral cephalometric ﬁlms, both
jaws moved anteriorly and presented counter
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Figure 2. The preoperative surgical simulation of MMA surgery on the computerized simulation software. A, The amount of superior movement of
LeFort I osteotomy in maxilla, combined with roll rotation in order to correct the maxillary canting. B, Differential advancement in left and right
mandible by BSSO, combined with genioplasty to enhance the facial proﬁle. C, The comparison of the initial and ﬁnal surgical simulation.
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Figure 3. The intraoral photos in the process of MARPE. A, Initiation of MARPE. B, Three months after MARPE.

clockwise rotation. The hyoid bone moved anteriorly and superiorly as well. The comparison of
lateral cephalometric analysis is shown in Figure 7.
As for the regional superimposition, the lower 1st
molars extruded for about 1.0 mm and the upper
ﬁrst molars extruded for about 1.2 mm. The

extrusion of molars may come from the prescription
of interdental elastics for settling the occlusion
during the postsurgical period. Comparing postsurgical PSG data obtained 6 months after MMA
surgery to the initial data, the AHI decreased from
63.7 to 8.8 events/hour, and the clinical symptoms

Figure 4. The intraoral and extraoral photos after presurgical orthodontic treatment.
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Figure 5. The intraoral and extraoral photos two weeks after MMA surgery.

such as daytime sleepiness and snoring were also
improved. The volumetric change of the airway in
different time-points is documented in Table 2.

MARPE. By using miniscrews, it helps to open the
mid-palatal suture in a more efﬁcient way as
compared to the conventional RME. Previous study
indicated that MARPE led to a signiﬁcant long-term
increase in nasopharyngeal volume over RME.10 One
study also reported that in patients having OSA, an
increase in volume and decrease in airﬂow velocity
and pressure in the nasopharynx and oropharynx
were found after maxillary expansion with MARPE.11
In our case, we attempted to improve maxillary
transverse discrepancy and increase the volume of
nasal airway by MARPE. Although after three
months of treatment, no signiﬁcant opening of the
mid-palatal suture was found. From the superimposition of CBCTs before and after MARPE, we could
barely notice the true basal bone expansion in the
maxillary arch, only the buccal tipping of the posterior teeth could be seen from the intraoral photos
(Figure 3). Therefore, according to the Updated
Stanford sleep surgery algorithm, phase II treatment
of MMA was suggested to patient (Figure 8). Previous study had indicated that as age increased, there
was decrease in MARPE success rate and reduction
in the skeletal effects of maxillary expansion; on the

DISCUSSION
During facial growth and development, it is
believed that lack of development of the nasomaxillary complex might lead to constriction of the
maxillary arch or maxillary transverse discrepancy.
These problems could cause not only rhinologic
diseases such as nasal stenosis, but also certain
negative effects on dentofacial growth pattern.
Typical manifestations of dental problems are
maxillary palatal crossbite and a high palatal vault.
Besides, nasal airway obstruction might force the
patient to breathe through the mouth. During the
growth period of a child, mouth breathing may also
have a harmful impact on craniofacial morphology. A
previous study showed that by application of rapid
maxillary expansion (RME), approximately 5e6 mm
of arch expansion could be achieved, accompanied
by a 35% degree of reduction in nasal airway resistance.9 Another way to expand the maxillary arch is
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Figure 6. Finishing photos and radiographs. A, The intraoral and extraoral photos after debonding. B, The lateral cephalometric ﬁlm and panoramic
ﬁlm.
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Figure 7. Superimposition of cephalometric tracings of pre-treatment (black) and post-treatment (red). A, The overall superimposition shows that both
her maxilla and mandible are moved anteriorly. The position of hyoid bone is also more superior and anterior. B, Regional superimposition of
maxillary and mandibular teeth.

other hand, gender and bi-cortical mini-implant
anchorage were not shown to be relevant factors.12
Compared to MARPE in OSA patients, MMA is a
reliable and stable treatment option for moderate to
severe OSA patients in long-term outcome, particularly in lateral pharyngeal wall and in cases with
concentric velum collapse.7,8 Signiﬁcant changes in
pharyngeal airway volume demonstrated a mean of
80.43% increase and a mean of 83% decrease in
AHI.13 In our case, the initial AHI was 63.7 events/
hour, and decreased to 8.8 events/hour in 6 months
after MMA. The improvement of airway volume can
also be observed in both CBCT and lateral cephalometric radiograph.
Our patient was a case of skeletal Class II jaw
relationship with mandibular retrognathism and
severe OSA. In order to correct these problems,
two-jaw orthognathic surgery with maxillary
advancement through LeFort I osteotomy and

mandibular advancement through BSSO were both
performed. By advancement of both jaws, the soft
palate, tongue base and hyoid bone can be protracted anteriorly, leading to an increase of nasopharyngeal space and improvement of the condition
of OSA.14 Counterclockwise rotation with the
advancement of the maxillomandibular complex
has proven to be the strongest positive impact on
the pharyngeal airway.14e16
Concerning the long term stability of MMA, previous studies have indicated the success rate of
MMA is about 90% at the immediate postoperative
period. Although the success rate tends to decrease
with time, and the postsurgical AHI might increase
back to the level of moderate OSA in more long-term
follow-up (>8 years). This outcome of relapse might
be due to the following reasons, such as the laxity of
soft tissue in the upper airway with time, skeletal
relapse, increase of BMI or aging of the patient.17,18

Table 2. The volume of pharyngeal airway in different treatment period.
AIRWAY VOLUME
Nasopharynx
Pre-treatment
Three months post-operation
One year post-operation

Oropharynx

3

3

7624 mm
15,715 mm3
13,356 mm3

3336 mm
5910 mm3
4863 mm3
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Hypopharynx
8648 mm3
18,080 mm3
15,262 mm3
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Figure 8. Updated Stanford sleep surgery algorithm. PE, physical examination; PSG, polysomnography; BMI, body mass index; PAP, positive airway
pressure; OAT, oral appliance therapy; NP, nasopharyngoscopy; DISE, drug-induced sedation (sleep) endoscopy; CCC, complete concentric collapse;
LPW, lateral pharyngeal wall; DOME, distraction osteogenesis maxillary expansion; TBR, tongue base reduction; TORS, transoral robotic surgery;
GGA, genioglossus advancement; UAS, upper airway stimulation.

CONCLUSION

CONFLICT OF INTEREST STATEMENT

The treatment outcome of the case demonstrates
that the MMA provides an effective and reliable
treatment option in both esthetic and functional
aspects for the correction of skeletal Class II jaw
relationship, mandibular retrognathism and severe
OSA. By applying MARPE before the intervention of
MMA surgery, the effect of opening in the midpalatal suture might also contribute parts in the
improvement of OSA. Further research about the
success rate of MARPE and long-term stability of
MMA could be essential to guide the OSA treatment
in the future.
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